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Abstract 
 
This thesis investigates the development of telecommunication 
infrastructure in Sudan compared to other countries. Such a comparison helps 
evaluate the requirements to support the foundations of that industry; 
consequently, creating better services and employment opportunities which, in 
turn, reflect the general economic status of the country. 
 
The current method, namely Jipp law, that is used today for measuring 
telecommunication development relies on the relationship between the per-
capita income and the number of main fixed lines per 100 inhabitants. 
According to that method, Sudan ranks among countries with poor fixed line 
telecommunication infrastructure.  
 
On the other hand, by utilizing the Matlab language and curve fitting tools for 
statistical analysis, this thesis proposes a more accurate strategy to obtain that 
measurement by incorporating cellular subscribers in the equation. As a result, 
Sudan fairly ranks within the average. 
 
The thesis concludes that providing a more precise way of measuring 
development can greatly assist the decision-making process when it comes to 
determining the size of investment in the telecommunication sector. It 
emphasizes that the growth of the cellular market is not to be neglected when 
measuring development; as it thrives on a well-founded telecommunication 
infrastructure. 
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 اﻟﻤﺴﺘﺨﻠﺺ
 
  .ﻳﻨﺎﻗﺶ هﺬا اﻟﺒﺤﺚ اﻟﺒﻨﻴﺎت اﻷﺳﺎﻳﺴﻴﺔ ﻓﻰ ﻣﺠﺎل اﻻﺗﺼﺎﻻت ﻟﻠﺴﻮدان وﻣﻘﺎرﻧﺘﻬﺎ ﻣﻊ ﺑﻌﺾ اﻟﺪول
ﺗﺴﺎﻋﺪ هﺬﻩ اﻟﻤﻘﺎرﻧﺔ ﻓﻰ اﻋﻄﺎء ﺻﻮرة واﺿﺤﺔ ودﻗﻴﻘﺔ ﻟﻼﺣﺘﻴﺎﺟﺎت اﻟﻼزﻣﺔ ﻟﺘﻘﻮﻳﻢ اﻟﺒﻨﻴﺎت اﻷﺳﺎﺳﻴﺔ اﻟﺘﻰ 
  . ﺗﻨﻌﻜﺲ ﻋﻠﻰ اﻻﻗﺘﺼﺎد
 
 اﻟﻨﺎﺗﺞ اﻟﻤﺤﻠﻰ اﻟﻜﻠﻰ  ﺎﻻت ﺗﻌﺘﻤﺪ ﻋﻠﻰ اﻟﻌﻼﻗﺔ ﺑﻴﻦاﻟﻨﻈﺮﻳﺔ اﻟﻤﺴﺘﺨﺪﻣﺔ ﻟﺤﺴﺎب اﻟﺘﻄﻮﻳﺮ ﻓﻲ ﻣﺠﺎل اﻻﺗﺼ
.  ﻣﻮاﻃﻦ001 وﻋﺪد اﻟﺨﻄﻮط اﻟﺜﺎﺑﺘﺔ ﻟﻜﻞ )tcudorp citsemoD ssorG( atipac rep PDGﻟﻠﻔﺮد 
  ﻟﺨﻄﻮط اﻟﻬﺎﺗﻒ اﻟﺜﺎﺑﺖ ﺣﻴﺚ ﺑﻴﻨﺖ اﻟﻨﻈﺮﻳﺔ  اﻓﺘﻘﺎر اﻟﺴﻮدان اﻟﻰ اﻟﺒﻨﻴﺎت اﻷﺳﺎﺳﻴﺔ ﻓﻰ ﻣﺠﺎل اﻷﺗﺼﺎﻻت
     .وﺧﺪﻣﺎﺗﻪ
  
ﺮﻳﻘﺔ أدق ﻟﺤﺴﺎب اﻟﺘﻄﻮرﻓﻰ ﻣﺠﺎل اﻻﺗﺼﺎﻻت ، وﺗﺘﻢ ﻋﻦ ﻃﺮﻳﻘﺔ اﺿﺎﻓﺔ هﺬا اﻟﺒﺤﺚ ﻳﻮﺿﺢ وﺟﻮد ﻃ
آﻨﺜﻴﺠﺔ ﻟﻬﺬا اﻟﺜﻌﺪﻳﻞ ﻧﺠﺪ أن اﻟﺴﻮدان ﻓﻰ ﻣﻮﻗﻊ . ﻣﺴﺘﺨﺪﻣﻲ اﻟﻬﻮاﺗﻒ اﻟﺨﻠﻴﻮﻳﺔ ﻟﻤﺴﺘﺨﺪﻣﻰ اﻟﺨﻄﻮط اﻟﺜﺎﺑﺘﺔ
 أﺣﺪ xob loot gnittif evruC و الBALTAMﻃﺒﻘﺖ اﻟﻨﻈﺮﻳﺘﺎن ﺑﺎﺳﺘﺨﺪام ﻟﻐﺔ اﻟﺒﺮﻣﺠﺔ .  ﻣﺘﻮﺳﻂ
   .BALTAM  الاﻷدوات اﻟﻤﺴﺘﺨﺪﻣﺔ ﻓﻰ
  
  
هﺬا ﻳﺪل ﻋﻠﻰ أن ﺗﻐﻴﻴﺮ ﻃﺮﻳﻘﺔ  ﺣﺴﺎب اﻟﺜﻄﻮر ﻳﺴﺎﻋﺪ ﻋﻠﻰ اﺗﺨﺎذ ﻗﺮار أﻓﻀﻞ ﻣﻦ ﺣﻴﺚ ﺗﺤﺪﺑﺪ ﻣﺪى اﻟﺘﻤﻮﻳﻞ 
وهﺬا ﻣﻬﻢ ﻓﻰ اﻟﻮﻗﺖ اﻟﺤﺎﻟﻰ ﻧﺴﺒﺔ ﻟﻠﺘﻄﻮر اﻟﺴﺮﻳﻊ ﻓﻰ ﻣﺠﺎل اﻻﺗﺼﺎﻻت .  واﻷﺳﺘﺜﻤﺎر ﻓﻰ ﻣﺠﺎل اﻻﺗﺼﺎﻻت
  .واﻟﺒﻴﺎﻧﺎت اﻟﻤﺠﻤﻮﻋﺔ ﻓﻲ ﻣﻨﺘﻬﻰ اﻟﺪﻗﺔﻟﺬا ﻳﺠﺐ أن ﺗﻜﻮن اﻟﻤﻌﻠﻮﻣﺎت . ﻣﻦ ﺣﻴﺚ ﻇﻬﻮر اﻟﻌﺪﻳﺪ ﻣﻦ اﻻﻟﻴﺎت
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Chapter1 – Introduction
 14
1.1 Overview 
Telecommunication is the assisted transmission of signals over a 
distance for the purpose of communication. In earlier times, this may have 
involved the use of smoke signals, drums, semaphore, flags, or heliograph. In 
modern times, telecommunication typically involves the use of electronic 
transmitters such as the telephone, television, radio or computer. 
 
In the past few decades, Information and Communication Technology (ICT) has 
transformed the world. It’s potential for reducing poverty and fostering growth 
in developing countries has increased rapidly. Mobile telephones provide 
market links for farmers and entrepreneurs. The Internet delivers vital 
knowledge to schools and hospitals. Computers improve public and private 
services, and increase productivity and participation. By connecting people and 
places, ICT has played a vital role in national, regional, and global 
development, and holds enormous promise for the future. 
 
This rapid growth of telecommunications and information technologies is 
shifting the global market from a technology-based economy to an information-
based economy.  
 
Because of this, the impact of telecom infrastructure on economic development 
is more obvious as compared to other traditional infrastructure [2]. 
Telecommunication infrastructure can be measured with different value, size of 
networks (fiber optic, satellite….), and teledensity (number of subscribers per 
100 inhabitants). Telecommunication infrastructure is a little different from 
other infrastructure, as a determinant of economic growth because of the 
existence of network externalities, a phenomenon that increases the value of a 
service with increase in the number of users. 
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1.2 Objective 
The objective of this research is to measure telecommunication 
infrastructure development in the Sudan and compare it with the situation in 
Africans countries to estimate the current needs. 
 
1.3 Problem definition 
 
Investigating the existing level of infrastructure of telecommunication is 
very important both from business and policy point of view. Because 
government, private investor and telecom companies need on overview of the 
situation and the risks before they implement a project. Studying the situation 
can be time consuming and a complicated process. Investors or government 
need a simple easy to use tool that can provide them quickly with an overview 
of the situation and the risks which is the thesis goal. This investigation will 
make investment decision more scientific and less haphazard; hence investor 
will have a good idea for the demand for investment or size of investment and 
projected revenue in telecommunication projects. 
 
1.4 Methodology and tools 
 
The Jipp curve method in measuring telecommunication development 
was introduced in the sixties by ITU collaborator; it was the first attempt to 
measure telecommunication infrastructure development (Gwenaelle. et.al, 
2000). Jipp showed the existence of strong correlation between the level of 
growth in telecommunication infrastructure in a given country and it’s 
economic. 
 
The curve give the relation between teledensity, that is the number of main 
fixed line per 100 inhabitant, and the national per capita income. The 
interpretation of this curve that if the point that represent the teledensity is 
below the curve, need for rapid expansion in telecommunication infrastructure, 
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if the point is above the country, we expect that the country doesn’t need to 
increase its infrastructure, but needs to slow down their expansion. This method 
would be used in this research and modified to get with the new 
telecommunication technology. 
The analytical tool that would be used for forecasting is simple statistical 
regression. 
 
The data that would be collected for both cellular and fixed phone in Sudan are 
the number of cellular subscribers, number of main lines in operation, GDP 
(Growth Domestic Product), population, and the size of the networks and its 
facilities for telecom companies in the sudan (mobitel (Zain), areeba (MTN), 
Sudatel, Canar). These data would be compared with some developed and 
developing countries compared with Sudan. 
 
1.5 Review of previous work 
 
The impact of telecommunications on growth was first found by Andrew 
Hardy (Hardy 1980) based on data from 45 countries, with the largest effect of 
telecommunication investment on GDP found in the least developed economies 
and the smallest effect, in the most-developed economies. Telecommunication 
infrastructure is also a little different from other infrastructure, as a determinant 
of economic growth because of the existence of network externalities, a 
phenomenon that increases the value of a service with increase in the number of 
users. Because of this, the impact of telecom infrastructure on economic 
development is more pronounced as compared to other traditional infrastructure. 
This phenomenon has been demonstrated by Kim et al (1997) in the analysis of 
online service competition. 
 
The first real contribution of Jipp curve to policy making was in 1984 with 
publication by the ITU a report from the Independent Commission for World 
Wide Telecommunications Development, and it was the first official report of 
the growing gap between developed and developing countries. 
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Garbade and Silber (1978) found that the telegraph and (Trans-Atlantic) cable 
led to efficient markets everywhere by narrowing inter market price 
differentials. The research by Bayes et al (1999) finds that half of all telephone 
calls involved economic purposes such as discussing employment opportunities, 
prices of the commodities, land transactions. 
 
Recent work by the ITU (1998) is another example using Jipp curve by policy 
maker, the objective was to develop a proposal for solution for transitional 
arrangement towards cost- orientation beyond 1998, including ranges of 
indication target rates, and the focus group recommended that the target rate be 
set according to teledensity bands. 
 
The OECD Communications Outlook for 1999 points to indications that market 
liberalization strongly accelerates the growth of access lines per inhabitant in 
countries with low penetration levels. It also suggests that countries with high 
penetration levels are starting to show signs of substitution between fixed and 
cellular telephony. 
 
Eggleston et al (2002) show how basic telecommunication infrastructure can 
create a “digital provide” by making markets efficient through information 
dissemination to isolated local residents and improve the living standards of the 
world’s poor, which in turn accelerates growth. As the authors themselves point 
out, their analysis is based  on references and examples; more careful 
analysis is needed in the context of developing countries. 
 
Souter (1999) provides a survey of the ways in which ICT can be employed for 
the social and economic development of remote or rural communities. Sridhar 
and ridhar (forthcoming) describe some cases where ICT projects have actually 
enabled rural Indian farmer’s access to market prices of commodities and 
facilitated their participation in the market. 
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Chatterjee et al (1998) point out that income patterns decide the disposable 
income levels. Where increases in purchasing power (contributed by increased 
telecom services) also increase demand for such services. 
 
Roller & Waverman (2001) were the first to use simultaneous approach to 
incorporate both effects in the economic model in order to validate the 
hypothesis of reverse causality. They use data for OECD countries that are all 
high-income. [2] 
 
Gwena¨elle C. Jeunhomme (2000) for market potential, he suggest use of 
telecommunication services revenue per capita, which is a better estimate of 
demand than income. The method he uses is the same as was used for the old 
metrics. He does cross-country comparisons and performs simple regressions on 
a panel of around 60 countries to build a rough reference model. That gives 
different view of the world. First, some countries that seem to be really behind 
telecommunications wise with the old metrics are actually within the average 
with the new ones and vice-versa. This produces a new list of countries that 
need help. Second, countries can be categorized in four classes: those with a 
shortage of infrastructure, those with an unusually high but appropriate level of 
infrastructure, those with excess supply of infrastructure and those with an 
unusually low but appropriate level of infrastructure. [1] 
 
Kala Seetharam Sridhar (2004) this study investigate the simultaneous 
relationship between telecommunications and the economic growth, using data 
for developing countries. It finds significant effects of main landline and cell 
phone penetration on economic growth, when we control for the effects of 
capital and labor, but lower than that found for OECD countries. [3] 
 
We found that Jipp law is behind all plans by the countries to build x millions 
phone lines or to license a few extra mobile operators. 
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1.6 Thesis layout 
 
Chapter Two describes the telecommunication infrastructure in 
developing countries especially in Sudan for both cellular and fixed line 
systems; showing their expansion. Chapter Three gives details on 
implementation method; showing the method that is used, and analyzing the 
results obtained, enhance the old method and made a comparison between both 
old and new one. Chapter four shows the conclusions and comments. 
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Chapter 2 – Telecommunication 
infrastructure in developing 
countries 
 21
 
2.1 Introduction 
 
ICT is an essential part of national infrastructure and private sector 
potential. It can create business opportunities, especially for companies located 
far from urban centers, and improve links among firms, suppliers, and clients. 
When used well, ICT can also make management and operations more efficient. 
The Internet can be especially valuable for firms in developing countries 
because it provides opportunities to connect to markets and participate in trade, 
domestic and foreign. A recent survey of 56 developed and developing 
countries found a significant link between Internet access and trade growth with 
the greatest benefits accruing to developing countries with the weakest trade 
links. For example, sales growth is 3.4 percentage points higher and value 
added per employee $3,400 more among developing country firms that use e-
mail to communicate with clients and suppliers. 
 
ICT is also crucial to sustainable poverty reduction, because it makes a 
country’s economy more efficient and globally competitive, improves health 
and education services, and creates new sources of income and employment for 
poor people. In addition, ICT enhances social inclusion and promotes more 
effective, accountable, democratic government, especially when combined with 
effective freedom of information and expression. [5] 
 
Recent studies by the World Bank and others suggest that the developing 
countries with low telecommunications infrastructure may be locked out from 
the opportunities of the information economy. Countries and sectors equipped 
with the requisite telecommunications systems have been rapidly moving into 
post-industrial, information-based economy growth. 
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2.1.1Fixed telephone 
 
Over the past 25 years, developing countries have considerably 
increased ICT access, especially for telephone services. Developing countries 
accounted for more than 60 percent of the world’s telephone lines (fixed and 
mobile) in 2005, up from less than 20 percent in 1980 (table 2.1). During this 
period, population increased by half and real GDP more than doubled in these 
countries, while the number of telephone subscribers rose 28-fold. Recent 
growth has been especially striking. Although the proportion of subscribers to 
total population in developing countries did not even double between 1980 and 
1990, over the next decade it nearly quintupled, from 27 to 129 per 1,000 
people. And between 2000 and the end of 2005, it is estimated to have tripled, 
reaching almost 400 subscribers. [5] 
Indicator 1980 1990 2000 2005 
Population (billions) 3.6 
81 
4.4 
83 
5.1 
84 
5.4 
84 
GDP (US$ trillions) 3.1 
18 
4.2 
18 
 
5.9 
19 
7.5 
21 
Total telephones (per 1,000 people) 14 
17 
27 
22 
129 
38 
 
393 
38 
 
Fixed telephones (per 1,000 people) 14 
17 
27 
23 
83 
43 
135 
57 
Mobile telephones (per 1,000 people) n.a. 0.09 
4 
46 
32 
258 
63 
Internet users (per 1,000 people) n.a n.a 15 
20 
67 
41 
Table 2.1 Population, GDP, Telephone and Internet access in Developing 
countries from 1980-2005. 
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Note: numbers in bold are percentages of the world total. 
And n.a. mean Not applicable. 
 
Northern Africa is home to some of the most developed telecom markets on the 
continent and features some of the world's fastest growing fixed-line markets in 
Egypt. All countries in this group except for landlocked Chad have well 
developed fixed-line infrastructures and direct access to international submarine 
fibre optic cables, and all but Chad and Libya are among the relatively few 
African countries offering commercial ADSL services. Tunisia has the highest 
overall teledensity in the region thanks to its booming mobile market. [4] 
 
Alternative fixed-line operators have been licensed in Algeria, Egypt, Morocco 
and Sudan by 2006. 
 
3.1.2 Cellular phone 
 
Mobile telephony is largely private sector driven in a competitive market 
environment. Competition has quickly grown the costumer base and is 
extending coverage to the rural areas. The mobile phone out number the fixed 
one in Africa as shown in Figure 2.1. 
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Figure 2.1 telephone subscribers per 100 inhabitants, Africa 1996-2000 
 
In Nigeria the number of mobile subscribers jumped from 370,000 in 2001 to 
16.8 million in September 2005, making its mobile market the second largest in 
Africa [5]. In the Philippines, which have had more mobile than fixed telephone 
subscribers since 2000, mobile subscribers continue to multiply. By the end of 
2005, the country had about 40 million mobile subscribers—six times more than 
in 2000. 
 
Mobile phones have an especially dramatic impact in developing countries 
substituting for scarce fixed connections, increasing mobility, reducing 
transaction costs, broadening trade networks, and facilitating searches for 
employment. With prepaid services and calling cards, even poor households 
have been able to benefit from increased telephone access. 
 
In 2003, 130 of 164 developing countries with available data had at least three 
competing providers of mobile services. The Democratic Republic of Congo 
has six competing mobile telephone operators, giving it a mobile phone density 
13 times that of Ethiopia—which has a similar income per capita but just one 
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operator. In Algeria almost no one had a mobile subscription in 2000. But in 
2003, after a second operator began providing  services, nearly 5 percent of 
people did—and when a third operator entered the market in 2004, that share 
leapt to more than 15 percent by the end of the year and to 32 percent by 
September 2005. Similarly, Grenada issued new licenses in 2002, and between 
2000 and 2004 the number of mobile subscribers soared from 45 to 860 per 
1,000 people. 
 
As the 2.5 generation and 3rd generation mobile technologies such as GPRS 
and EDGE are deployed and become fully operational, the mobile sector will 
take on an even more important role in the provision of Internet services. [6] 
 
Telephone services now reach many small cities and towns, and by 2005 half of 
the world’s households had telephones. Among developing regions the 
telephone subscription rate is highest in Europe and Central Asia, where 
between 2000 and 2004 it more than doubled to 730 per 1,000 people. But 
growth was highest in Sub- Saharan Africa, with the rate tripling—albeit to a 
still-low 103 subscribers per 1,000 people. 
 
2.1.3 Internet 
 
Other types of ICT have also expanded rapidly in recent years. The 
latest estimates indicate that worldwide, Internet use more than quadrupled 
between 2000 and 2005. Again, Europe and Central Asia is in the lead among 
developing regions, with 117 Internet users per 1,000 people in 2004— four 
times as many as in 2000 and six to eight times as many as in South Asia and 
Sub-Saharan Africa. 
 
The Internet has also spurred a growing wave of innovation, guiding in new 
services and more cost-effective network solutions—especially in countries 
where service providers are allowed to build their own networks and gateways. 
 26
New wireless technology is resulting in innovative business models and holds 
the promise of connecting poor users, extending competition to all market 
segments, and accelerating development of broadband infrastructure and access. 
Such technology is affordably priced and commercially viable in a number of 
countries, in both urban and rural areas. For example, a single broadband 
Internet connection in a village can provide access for numerous institutional 
programs (such as e-government and computers in schools) and private users. 
[5] 
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2.2 Telecommunication infrastructure in Sudan 
 
Like many of the industrially developing countries, the Sudan has 
become deeply alert over the past few years to the significance of the 
Information and Communications Technologies (ICT) and to the Digital Divide 
that is growing with the industrially developed countries.  Thus, the Sudan 
developed a national policy and strategy to cultivate the uses of ICT and to 
bridge this divide by stimulating a national ICT sector, encouraging and 
facilitating the uses of ICT services nation-wide, and attracting global investors 
and partners in some ambitious nation-wide projects. 
 
2.2.1History 
 
Telecommunication in Sudan started in 1859; this began with wire 
communication in Swakin in the Red sea East of Sudan. In 1866 Telegram line 
to join Sudan and Egypt was built, through Wadi Halfa, Dongla, and reached 
Khartoum North in 1870, then to Khartoum through river cable across Blue 
Nile. [21] 
 
Telecommunications was built in Sudan side by side with the railway in 1897, 
where a line of telephone was connected, when the railways was stretched all 
over the country telecommunication was flourished, and the line was spread up 
to Fashouda in the South. The AlObeid line was built through AlDuiam and 
then Sinnar to Gadarif and Kassala in 1902.The line of telegraph reached the 
length of 3200 miles. 
 
Wirless communication stations were built in 1914 in Jambila, AlNasir and 
Malkal. A digital station was constructed in PortSudan, and then connected 
Janbila Adisababa, then AlKurmuk, and Waw between of 1918 – 1921. 
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Khartoum wirless station was built in 1921 with high aerial and transmitting at 
6Kilowatt, up to 19 stations were built in the year 1929, and 84 Telegraph 
offices established in 1931, a station between Cairo and Khartoum in addition to 
some station, in airports to service aero planes. 
 
Telephone service to the public was set up in Sudan in 1903 where the first 
telephone exchange was built. In 1904 another telephone exchange was built 
one in Omdurman and the other in Khartoum north, they were connected by 
river cables, and reached a bout 42 lines, working  from 8:00 in the morning up 
to 13:30 in the afternoon. And from 15:00 in the evening up to 17:00 evening 
except Fridays.  In 1904 Northern region line  in Meroe, Dongla – Korti – dongl 
and Alkhandag.  
1907: PortSudan Cabinet of 32 lines was set.1911: Cabinet of 8 lines built 
Cabins was come to 71 cabins and 10 secondary of capacity main of 353 lines. 
 
In 1922 the telecommunications network grew with the addition of AlGazeera 
mainly Wad Madni. The exchange in algazera grew to include Elfashir and 
Mukwar. 
The big step was made in 1923 when Khartoum cabinet executed of 150 lines 
has changed with another one of 600 lines. In 1927 telephone net was a 
stablished in Southern Sudan, where, connected Malakal Altong and Talody, 
and the system of Telephone was changed from manual to mechanical for the 
first time in Sudan and communication through disk. 
 
In 1946 commercial services started with Cairo/Khartoum Trunk link and free 
telephone services were stopped from governmental Institutions. In the same 
year international calling service was established with Great Britain, France and 
Palestine: The USA and Swizerland in 1948. In 1956 – 1964 wire and wireless 
communication developed and mechanical exchange were built in different 
rural areas, and public phone booths were put in different cities and town. 
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In 1970 Khartoum exchange was renewed and microwave between Khartoum-
Sinnar, Khartoum-Atbara, Sinnar-Kassala, Sinnar-AlObeid was established. 
1974: satellite earth station for International calls at Muttaras was established. 
Administration for communications belonged to post and Telegram Corporation 
up to 1970 and then the administration became the responsibility  to wired and 
wirless communication corp. In 16/1/1987 General Corporation of wired and 
wireless was stablished, where started with 82 exchanges of CB types and 
capacity of 2420 lines. [21] 
2.2.2 Fixed telephone 
 
With a CAGR (compound annual growth rate) of around 40% since the 
late 1990s, Sudan represents one of the fastest growing fixed telephony markets 
not only in Africa but worldwide. [6] 
 
In 1991 the country had only 73,000 telephones, two-thirds of which were in the 
Khartoum area. Telex was available in the capital. A domestic satellite system 
with fourteen ground stations, supplemented by coaxial cable and a microwave 
network, linked telephone exchanges and broadcast facilities within the country. 
 
By 1993 The Sudanese Telecom Company (Sudatel) was established as a public 
company following the privatization of the public Telecom Corporation as the 
state was convinced of the public sector’s failure in managing and developing 
this vital sector. The company commenced operations in February 1994 to 
achieve all objects stated in the company’s Memorandum of Association and 
By-lows. That made the last ten years (1993 - 2002) witnessed a radical change 
in the telecommunication infrastructure in the Sudan. 
 
Sudatel, the Sudan telecommunications operator, succeeded during these years 
to modernize, implement and operate hundreds of telephone exchanges, 
thousands of kilometers of fiber optics cables and thousands of international 
telephones and data links. This is coupled with Sudatel’s provision of services 
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including dedicated communication lines, Data Network services, private Local 
Area Networks and special-purpose Wide Area Networks.  The significance of 
these developments is reflected in the Growth of Traffic over the period 1994 – 
2002. 
 
Which is result of implementing a fiber optics backbone (the backbone shown 
in the Figure 2.2 below [7]) linking the main cities of the country An SDH 
system is operating over the backbone with enough capacity to meet the 
growing traffic requirements of data, voice and video. 
Expanding the Sudan domestic’s satellite system (SUDOSAT) to cover 35 
cities, not covered with the fiber optics backbone, to extend the provision of 
voice and data services, installing a VSAT network to provide 38 villages with 
voice communications. A new USAT network comprising of 1000 terminals is 
under active implementation. [7] 
 
 31
 
 
Figure 2.2 Sudatel fibre optic networks 
It is also made a connection with fibre optics with Suadia Arabia with terminal 
capacity 1.28 Tb/s and initial capacity 1 STM 64.10 Mb/s. An additional optical 
fibre of 350 Km link Sudan and Egypt. 
 
Additional capacities are available to secure the near term requirements, 
installing more than 200 digital exchanges of different sizes, with a total of 
more 800,000 digital lines in about 19 cities and villages, implementing six 
rural networks in different parts of the country with a total capacity of 5000 
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lines, implementing a digital microwave system to complement the fiber optics 
backbone in 32 routes. ADSL broadband services were introduced in 2004. 
 
Sunday, 20/11/2005, Canar Communication Company Ltd., the new Fixed and 
Limited Mobility Telephone, internet services provider in Sudan and 
Broadband. Access with DSL, FTTC, CDMA and CATV. Their subscribers 
become 100,000 subscribers by 2006. Figure 2.3 that shown below show the 
fibre optic network for canar. [7] 
 
Figure 2.3 Canar fibre optic networks 
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3.2.3 Cellular phone 
 
Sudan’s Mobile Telephone Company (MOBITEL) is operating a GSM – 
900 systems since 1997, there were about 3,000 mobile phones by the end of the 
1990s and nearly 20,000 by 2000. Today there are over 2,300,000 subscribers at 
present. 
 
Mobitel has contributed in modernizing the infrastructure of 
telecommunications in Sudan. It has an interactive network serving 1.5 million 
clients and rendering efficient services to over 100 towns. Its proven 
international roaming brings together 212 operators in more than 100 countries. 
Figure 2.4 show the network in Mobitel. 
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Figure 2.4 Mobitel backbone networks 
 
By 25/10/2003 AREEBA a second GSM network operator was operating 
2.5/3G. It covers about 580,000 subscribers by 2006. Figure 2.5 show its 
network [3] 
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Figure 2.5 Areeba (MTN now) coverage network 
 
By 02/02/2006 SUDANI a third mobile network operator using 3G CDMA was 
operational. The number of subscriber’s was 500,000 in 2006. 
3.2.4 Internet 
 
Internet is today one of the most dynamic telecommunication markets in 
Africa. While the Internet was first introduced to Africa thanks to a range of 
initiatives by national, international and nongovernmental organizations, now 
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Internet is clearly becoming a commercial undertaking with increasing private 
investment. 
 
One key indicator of Internet development is the number of Internet host 
computers. At the start of 1998 there were about 129,300 host computers in 
Africa, of which 122,000 were in South Africa, 3,300 in North Africa and 4,000 
in Sub-Saharan Africa [10]. Another key indicator of the Internet development 
is the number of competing Internet Service Providers (ISPs). 
 
In 1996, Internet was introduced in Sudan by the Sudan Internet Services Co. 
Ltd. [Sudanet], with 128Kbps Bandwidth capacity. In early 1998, the Sudan 
Telecom Co. Ltd. [Sudatel] introduced its Internet Service in the country as a 
value added service to its basic fixed telephony services, with 265Kbps 
Bandwidth capacity. In June 1998, an agreement was reached between Sudatel 
and Sudanet. By this agreement, Sudanet becomes the only ISP in Sudan. – In 
Nov 1999, Sudatel became the only PoP in Sudan with 2Mbps form EMIX. 
Sudatel opened its Internet service provisioning to other potential service 
providers, the enterprise and universities sectors using its existing data 
communication infrastructure.The number of users until 2004 is 33 per 1000 
inhabitant and the number of personal computers is 18 per 1000 inhabitant [8] 
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2.3 Next generation network (NGN) 
 
NGN is a broad term to describe some key architectural evolutions in 
telecommunication core and access networks. The basic idea behind NGN is 
that one network transports all information and services (voice, data, and all 
sorts of media such as video) by encapsulating these into packets, like it is on 
the Internet. 
According to ITU-T the definition is: 
A Next Generation Network (NGN) is a packet-based network able to provide 
services including Telecommunication Services and able to make use of 
multiple broadband, QoS-enabled transport technologies and in which service-
related functions are independent from underlying transport-related 
technologies. It offers unrestricted access by users to different service providers. 
It supports generalized mobility which will allow consistent and ubiquitous 
provision of services to users. 
 
It enables unfettered access for users to networks and to competing service 
providers and/or services of their choice. It supports generalized mobility which 
will allow consistent and ubiquitous provision of services to users. 
 
In a NGN there is a more defined separation between the transport 
(connectivity) portion of the network and the services that run on top of that 
transport. This means that whenever a provider wants to enable a new service, 
they can do so by defining it directly at the service layer without considering the 
transport layer. 
2.3.1 Advantages of NGN 
? Higher efficiency resulting from the sharing of network resources by 
many 
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User. 
? Common platform for all services, Data video & voice convergence. 
? IP-based terminal equipment ensure end to- end packet transfer. 
? Flexibility in pricing, QoS and bandwidth consumption. 
? Reduced cost of deploying new networks that have more capabilities 
(voice, broadband, multi-media). [11] 
 
Figure 2.6 illustrates, one of the primary goals of NGNs is to provide a 
common, unified, and flexible control environment that can support multiple 
types of services and management applications over multiple types of transport. 
 
 
Figure 2.6 next generation control [12] 
 
For African countries, NGN offer a great opportunity to leapfrog to a state-of-
the-art broadband multimedia infrastructure. 
 
 39
 
2.3.2 NGN in Sudan 
 
The new network uses Next Generation Network (NGN) applications, 
which relies on the Internet based Protocols (IP) and other advanced 
technologies including fiber optic cables and wireless networks to provide DSL 
high-speed Internet, data and telephone services. 
This network is set to rank the Sudan as among the first few countries that use 
such technologies in their networks and pave the way for the Sudanese business 
and industrial sectors to benefit from such sophisticated and high quality 
services. [13] 
 
By 2005 Canar one of Sudan telecom companies launched its modern network 
that uses the Next Generation Network (NGN) applications. 
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Chapter 3 – Implementation & 
Results 
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3.1 Introduction 
The relationship betweem income and communication was the first 
quantity formulated to measure telecommunication development. The most 
common indicator today is the teledensity, the number of main fixed line per 
100 inhabitants. 
 
However teledensity is an imperfect measure of access people having phone 
service, first because fixed phone are always shared resource. They can be part 
of a PBX (private branch exchange), they can be public pay phones or they can 
be the only means of a household of several users. This is probably more acute 
in developing countries where households have more members and telephones 
are scarcity comparing with the demand.   Secondly, the explosion of mobile 
services changes the shared characteristic of telephone at least in developed 
countries. In developed countries cell phone are essentially used by only one 
person , since the whole point of having one is to be directly reachable at all 
times. This might not be true in developing countries, where getting a cell 
phone might simply be a way to by-pass a five year waiting list for fixed lines, 
but no other indicator was available for comparing developing and developed 
countries, where developed countries still set as the standards for developing 
countries. Also demand and offer have changed since 60’s. New 
telecommunication services became available, such as mobile telephone, fax, 
and web access and so on. 
 
3.2 Data sets 
When deciding on types of data to be collected, two things have to be 
taken in account, what is the appropriate kinds of data to describe the 
phenomenon, and if it is available, and how is it reliable. 
 
There is a lot of things that could be measured, for example the ITU monitors 
the number of fixed main lines in operation, the number of digital main lines of 
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residential main lines, and the number of public pay phones just to describe the 
telephone network, population covered by mobile signal and number of cellular 
subscriber.  For broadband access, xDSL, digital cell phones, cable TV, satellite 
service penetration would have to be included, all this by household or 
population and leased lines and ISDN lines by number of companies. Ideally, all 
these data should be readily accessible and reliable. 
 
The basic goal of this thesis is to build out a rough picture of telecommunication 
infrastructure in Sudan and determine its position among its neighbored 
countries. It means that a comparison between companies of telecommunication 
in Sudan, will take a place to set the picture of infrastructure. So the following 
indicators had been used for the years 2000 to 2006: population, GDP, number 
of cellular subscribers, and number of main telephone line. These data 
monitored for decades by World Bank and international telecommunication 
union (ITU) for countries, and by national telecommunication corporation 
Sudan (NTC) for Sudan telecommunication companies, Mobitel (Zain), Areeba 
(MTN), Canar and Sudatel. 
 
The data used in comparing Sudan among other African countries was taken 
from world bank reports and international telecommunication union (ITU), 
including GDP, population and the number of subscriber for both fixed and 
cellular phone systems in 2006. 
 
3.2.1 Cellular phone system 
Tables 4.1, 4.2 and Table 3.3, contain data for Zain, MTN and Sudani 
companies respectively.  Each table contains network capacity, number of 
subscribers and number of subscriber per 100 inhabitants from years 2000 to 
2006. Last parameters calculated using population that shown in Table 3.8. 
For MTN and Sudani companies it observed that for some year’s data 
not available because MTN was starting by 2005 and Sudani 2006. 
Mobitel data: 
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Table 3.1 data (zain) 
Years 2000 2001 2002 2003 2004 2005 2006 
Network 
capacity 
25000
0 
25000
0 
45000
0 
70000
0 
950000 210000
0 
260000
0 
N0.of 
subscriber 
17000 91000 21100
0 
52700
0 
148000
0 
160000
0 
230000
0 
No. of 
subscriber/1
00 inhabitant 
0.054 0.269 0.617 1.512 4.166 4.416 6.215 
 
Areeba data (MTN): 
Table 3.2 Areeba data (MTN) 
Years 2000 2001 2002 2003 2004 2005 2006 
Network 
capacity 
- - - - - 750000 750000 
N0.of 
subscribers 
- - - - - 104000 580000 
No. of 
subscriber/100 
inhabitant 
- - - - - 0.287 1.567 
 
Sudani data: 
Table 3.3 Sudani data 
Years 2000 2001 2002 2003 2004 2005 2006 
Network 
capacity 
- - - - - - 1000000 
N0.of 
subscribers 
- - - - - - 500000 
No. of 
subscriber/100 
inhabitant 
- - - - - - 1.351 
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Table 3.4 contains number of subscriber per 100 inhabitants for overall 
cellular system in Sudan from year 2000 to 2006, these data had been calculated 
from data for all the companies that shown in tables above (from Table 3.1 to 
Table 3.3). 
 
Cellular system: 
Table 3.4 Cellular system data 
 
Years 2000 2001 2002 2003 2004 2005 2006 
No. of 
subscribers/100 
in habitant 
0.07 0.32 0.58 1.58 3.04 5.21 12.66 
 
3.2.2 Fixed telephone data: 
Table 3.5 contains number of subscriber per 100 inhabitants for overall 
fixed telephone system in Sudan from year 2000 to 2006, these data had been 
calculated from data for all the companies that shown in tables 3.6 and Table 
3.7. 
Fixed telephone data: 
 
Table 3.5 Fixed telephone data 
 
Years 2000 2001 2002 2003 2004 2005 2006 
No. of 
subscriber/100 
in habitant 
1.24 1.4 2.04 
 
2.81 2.98 1.62 1.72 
 
Table 3.6 and 3.7 show the number of subscribers and number of 
subscriber per 100 inhabitants from year 2000 to 2006 for the two fixed 
telephone companies sudatel and canar. For canar only data for year 2006  
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Sudatel data: 
 
Table 3.6 Sudatel data 
 
Years 2000 2001 2002 2003 200
4 
2005 2006 
No. of 
subscribers 
38500
0 
47000
0 
67200
0 
93700
0 
 55100
0 
52540
0 
No. of 
subscribers/10
0 inhabitant 
1.24 1.4 1.964 2.688 2.98 1.52 1.45 
 
Canar data: 
Table 3.7 Canar data 
 
Years 2000 2001 2002 2003 2004 2005 2006 
No. of 
subscribers 
- - - - - - 100000 
No.of 
subscriber/100 
inhabitant 
- - - - - - 0.27 
 
GDP, population (both in million) and GDP/capita for Sudan were shown on 
Table 3.8. 
Table 3.8 GDP/capita and Population in Sudan 
 
Years 2000 2001 2002 2003 2004 2005 2006 
GDP 12366 
 
13618 
 
15376 
 
17792 19559 22641 22651 
Population 31.080 33.568 34.213 34.856 35.523 36.233 37.003 
GDP/capita 397.87 405.68 449.419 510.442 551.727 624.87 612.139
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 Table 3.9 contains the data (GDP, number of subscriber for both fixed 
and cellular phone) for some developing and developed countries including 
Sudan: for year 2006, GDP and population in million and the number of 
subscriber in thousand. 
 
Table 3.9 Developing and developed countries data 
 
Countri
-es 
GDP GDP/ 
capita
Popul-
ation 
N0.of fixed 
subscriber/ 
100 
inhabitants 
N0.of 
cellular 
subscriber/ 
100 
inhabitants 
N0.of fixed 
+ cellular 
subscribers/
100 
inhabitants 
Sudan $28000 $576.
756 
37 1.72 12.66 14.38 
Egypt $10800
0 
$114
40 
75 14.57 19.10 33.67 
Libya $50300 $838
3.33 
6 8.09 65.81 73.9 
Kenya $22800 $651.
428 
35 0.84 18.47 19.31 
Chad $6930 $693 10 0.13 4.65 4.78 
Uganda $9320 $310.
66 
30 0.36 6.73 7.09 
Central 
Africa 
republi
c 
$1490 $372.
5 
4 0.25 2.48 2.73 
Eritrea $1080 $216 5 0.82 1.36 2.18 
Ethiopi
a 
$13300 $168.
35 
79 0.91 1.09 2 
Congo $8540 $144. 59 0.02 7.44 7.46 
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74 
Turkey $40400
0 
$545
9.45 
74 25.39 71.00 96.39 
Norway $33600
0 
$672
00 
5 44.27 108.57 153.84 
United 
Kingdo
m (UK) 
$24000
00 
$400
00 
60 56.15 116.39 172.44 
Italy $18500
00 
$318
96.55 
58 43.12 135.14 178.26 
 
3.3 Statistical Regression 
 
In statistics, regression analysis examines the relation of a dependent 
variable (response variable) to specified independent variables (predictors). The 
mathematical model of their relationship is the regression equation. The 
dependent variable is modeled as a random variable because of uncertainty as to 
its value, given values of the independent variables. A regression equation 
contains estimates of one or more unknown regression parameters, which 
quantitatively link the dependent and independent variables. The parameters are 
estimated from given data. In practical applications, data could come from any 
combination of public or private sources. 
 
Uses of regression include prediction (including forecasting of time-series data), 
modeling of causal relationships, and testing scientific hypotheses about 
relationships between variables. 
 
There are two types of regressions linear and non linear. Linear regression is a 
regression method that models the relationship between a dependent variable Y, 
independent variables Xi, i = 1... P and a random error ε . The model can be 
written as 
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εβββ ++++= pp xxy ......121  , where iβ are the respective parameters 
of independent variable and p is the number of parameters to be estimated in 
the linear regression, This method is called "linear" because the relation of the 
response (the dependent variable Y) to the independent variables is assumed to 
be a linear function of the parameters. 
 
There is a different approach to solving the regression problem that is, 
determining suitable estimates for the parameters, Such as Least mean square 
regression and robust regression.  Least mean square was used in this research 
to predict the telecommunication infrastructures in Sudan. 
Least-squares analysis was published by Carl Friedrich Gauss in the 1820s, 
which its main application that it used in predictions of future observation. The 
first attempts to quantitatively explore the interplay between telecommunication 
infrastructure and development by Jipp law using this method. Jipp curve is a 
term for a graph plotting the number (density) of telephones against wealth as 
measured by the Gross Domestic Product (GDP) per capita. [14] 
This method uses the following Gauss-Markov assumptions: 
• The random errors εi have expected value 0. 
• The random errors εi are uncorrelated 
• The random errors εi are homoscedastic, i.e., they all have the same 
variance. 
These assumptions imply that least-squares estimates of the parameters are 
optimal in a certain sense. 
A linear regression with p parameters (including the regression intercept β1) and 
n data points (sample size), with )1( +≥ pn allows construction of the following 
vectors and matrix with associated standard errors: 
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Or, from vector-matrix notation above, 
.εβ += XY  
The estimated values βˆ  of the parameters can be given as 
yXXX TT r1)(ˆ −=β  
The residuals, representing 'observed' minus 'calculated' quantities, are useful to 
analyze the regression. They are determined from 
βε ˆˆ Xy −= rr  
The standard deviation, for the model is determined from 
pn
yXyy
pn
TTTT
−
−=−=
rrrrr βεεσ ˆˆˆˆ  
The variance in the errors can be described using the Chi-square distribution: 
pn
X pn
−≈
−
22
2ˆ
σσ  
The 100(1 − α)% confidence interval for the parameter, βi, is computed as 
follows: 
σαβ ˆ 1
,
2
)(ˆ −
−
± iiTpn XXt  
Where t follows the Student's t-distribution (is a probability distribution that 
arises in the problem of estimating the mean of a normally distributed 
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population when the sample size is small.) with n − p degrees of freedom and 
1)( −ii
T XX denotes the value located in the ith row and column of the matrix. 
The regression sum of squares SSR is given by: 
∑ −=−= )(1ˆ)( 2 yuuynyXyySSR TTTTi rrrrrβ  
The error sum of squares ESS or SSE is given by: 
.ˆ)ˆ( 2 yXyyyyESS TTTii
rrr β−=−=∑  
The total sum of squares TSS' is given by 
∑ +=−=−= .)(1)( 2 ESSSSRyuuynyyyyTSS TTTi rrrrrr  
Pearson's co-efficient of regression, R2 is then given as 
TSS
ESS
TSS
SSRR −== 12  
This measures how successful the fit is in explaining the variation of the data. 
Put another way, R-square is the square of the correlation between the response 
values and the predicted response values. R-square can take on any value 
between 0 and 1, with a value closer to 1 indicating a better fit. [15] 
 
Once the above values have been corrected, the model should be checked for 
two different things: 
1. Whether the assumptions of least-squares are fulfilled and 
2. Whether the model is valid 
The model assumptions are checked by calculating the residuals and plotting 
them. The residuals are calculated as follows: 
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βε ˆˆˆ Xyyy −=−= rrrr  
If the residuals appear to behave randomly, it suggests that the model fits the 
data well. However, if the residuals display a systematic pattern, it is a clear 
sign that the model fits the data poorly. 
The following plots can be constructed to test the validity of the assumptions: 
1. Plotting a normal probability plot of the residuals to test normality. The 
points should lie along a straight line. 
2. Plotting a time series plot of the residuals, that is, plotting the residuals 
as a function of time. 
3. Plotting the residuals as a function of the explanatory variables, X . 
4. Plotting the residuals against the fitted values, yˆr . 
5. Plotting the residuals against the previous residual. 
The validity of the model can be checked using any of the following methods: 
1. Using the confidence interval for each of the parameters, βi. If the 
confidence interval includes 0, then the parameter can be removed from 
the model. Ideally, a new regression analysis excluding that parameter 
would need to be performed and continued until there are no more 
parameters to remove. 
2. Calculate Pearson’s co-efficient of regression. The closer the value is to 
1; the better the regression is. This co-efficient gives what fraction of the 
observed behavior can be explained by the given variables. 
3. Examining the observational and prediction confidence intervals. The 
smaller they are the better. 
4. Computing the F-statistics. 
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3.4 Program implementation 
 
As described earlier the result of this research depends on statistical 
regression. MATLAB language was used to implement a simple program to 
calculate the regression and curve fitting.  
 
One of the features of MATLAB is excel link, Excel Link is a software add-in 
that integrates Microsoft Excel and MATLAB® in a Microsoft Windows-based 
computing environment. By connecting Excel and MATLAB, you can access 
the numerical, computational, and graphical power of MATLAB from Excel 
worksheet and macro programming tools. Excel Link lets you exchange and 
synchronize data between the two environments. Excel Link communicates 
between the Excel workspace and the MATLAB workspace. Excel Link allows 
the use of functions from an Excel worksheet or macro, without having to leave 
the Excel environment. With a small number of functions to manage the link 
and manipulate data, Excel Link is powerful in its simplicity. 
 
3.4.1 Program description 
 
The implemented program using the functions MLPutMatrix(), 
MLEvalString(), polyfit() and polyval() (functions described in program excel 
work sheet attached in appendix (A) ), calculates the regression of data (GDP 
vs. number of subscriber) where the independent variable x is GDP and the 
dependent variable Y is the number of subscriber per 100 inhabitants to obtain 
the relation between telecommunication infrastructure and growth of the 
economic. The regression had been calculated for both fixed phone and cellular 
phones using linear and polynomial regressions (quadratic and cubic) compare 
between them and select the better depending on factors of goodness of 
 53
regressions, this is done by using MATLAB curve fitting toolbox, one of the 
graphical user interfaces in MATLAB language. 
 
3.5 Fixed phone services and cellular phone 
services 
This section represents the obtained results using the following 
indicators: main fixed line per 100 inhabitants and cellular subscriber per 100 
inhabitants. 
 
3.5.1Cellular system: 
 
Figure (3.1) shows the relation between GDP/Capita and number of 
subscriber per 100 inhabitants for cellular system in Sudan using linear 
regression, where x-axis represents GDP / Capita and y-axis represents number 
of subscriber per 100 inhabitants in a percentage. The solid line in upper graph 
is the regression result and the lower one is the residuals plots, and the doted 
lines are the prediction pounds. The calculated results, which shown below had 
been used to determine the accurate fitting. 
Linear model Poly1: 
       f(x) = 1β *x + 2β  
Coefficients (with 95% confidence bounds): 
       1β =      0.0382  (0.004814, 0.07159) 
       2β  =     -0.1601  (-0.3318, 0.01157) 
Goodness of fit: 
  SSE: 0.004431 
  R-square: 0.6337 
  Adjusted R-square: 0.5605 
  RMSE: 0.02977 
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Figure 3.1 linear fitting for cellular system 
 
Figure (3.2) shows the relation between GDP / Capita and number of subscriber 
per 100 inhabitants for cellular system in Sudan using quadratic regression, 
where x-axis represent GDP / Capita in 100 million and y-axis represent number 
of subscriber per 100 inhabitants a percentage. The solid line in upper graph is 
the regression result and the lower one is the residuals plots, and the doted lines 
are the prediction pounds. The calculated results, which shown below had been 
used to determine the accurate of fitting. 
 
Linear model Poly2 (quadratic): 
f(x) = 1β *x^2 + 2β *x + 3β  
Coefficients (with 95% confidence bounds): 
  1β  =      0.02008  (-0.04226, 0.08241) 
2β  =   -0.1664  (-0.8026, 0.4699) 
3β  =      0.346  (-1.237, 1.929) 
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    Goodness of fit: 
  SSE: 0.003693 
  R-square: 0.6947 
  Adjusted R-square: 0.5421 
  RMSE: 0.03 
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Figure 3.2 fitting using polynomial with degree 2 (quadratic) model for 
cellular system 
 
Figure (3.3) shows the relation between GDP / Capita and number of subscriber 
per 100 inhabitants for cellular system in Sudan using cubic regression, where 
x-axis represent GDP / Capita in 100 million and y-axis represent number of 
subscriber per 100 inhabitants a percentage. The solid line in upper graph is the 
regression result and the lower one is the residuals plots, and the doted lines are 
the prediction pounds. The calculated results, which shown below had been 
used to determine the accurate fitting. 
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Linear model Poly3 (cubic): 
f(x) = 1β *x^3 + 2β *x^2 + 3β *x + 4β  
Coefficients (with 95% confidence bounds): 
       1β  =    -0.01602  (-0.1824, 0.1503) 
      2β  =      0.2657  (-2.286, 2.817) 
       3β  =      -1.404  (-14.28, 11.47) 
       4β  =       2.394  (-18.97, 23.76) 
 
Goodness of fit: 
  SSE: 0.003581 
  R-square: 0.704 
  Adjusted R-square: 0.408 
  RMSE: 0.03455 
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Figure 3.3 Fitting using polynomial with degree 3 (cubic) model for cellular 
system 
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Three types of fitting are shown separately in Figures (3.1, 3.2 and 3.3) were 
overlapped in Figure 3.4, for comparing them to determine the best fitting 
result. Where x- axis is GDP / Capita in 100 million and y- axis is number of 
subscriber per 100 inhabitants in a percentage. 
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Figure 3.4 comparing three types of fitting (linear, quadratic and cubic) for 
cellular system 
 
From the cellular systems curves of the three types of regression shown in the 
above graph of Figure 3.4, it was observed that; increasing the degree of 
polynomial regression increasing the prediction bands range, so in linear and 
quadratic regressions the prediction bands were narrower compared with cubic 
polynomials, which mean that fitting with linear or quadratic is more accurate. 
Also residual (lower graph of Figure 3.4) appear to be more randomly 
distributed around zero in quadratic regression than linear regression as shown 
in Figures. Finally comparing the goodness parameters it was found that the 
good parameters in using quadratic fitting than linear with RMSE value closer 
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to zero (0.03455) and adjusted- R closer to one (0.704). Which means a more 
accurate fitting can be obtained using quadratic polynomial fitting. 
 
It is observed that data points are scattered and the curve is much closer to a 
straight line, which means that diffusion is more dependent on GDP level. 
Figure 3.5 show that when GDP/ capita is closer to $761 US number of cellular 
subscriber per 100 inhabitants, about (25 per 100 inhabitants) which is tw0 
times the current inhabitants. 
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Figure 3.5cellular phone after some years 
3.5.1 Zain (Mobitel) Company fitting: 
 
Figure (3.6, 3.7 and 3.8) show the relation between GDP / Capita and 
number of subscriber per 100 inhabitants for Zain Company in Sudan using 
linear regression, quadratic and cubic respectively, where x-axis represents 
GDP / Capita and y-axis represents number of subscriber per 100 inhabitants in 
 59
a percentage. The solid line in upper graph is the regression result and the lower 
one is the residuals plots, and the doted lines are the prediction bands. 
The calculated results, which shown below had been used to determine the 
accurate of fitting. 
 
Linear model Poly1: 
f(x) = 1β *x + 2β  
Coefficients (with 95% confidence bounds): 
1β  =     0.02457  (0.01453, 0.0346) 
 2β  =    -0.09986  (-0.1515, -0.04826) 
 
Goodness of fit: 
  SSE: 0.0004003 
  R-square: 0.8879 
  Adjusted R-square: 0.8655 
  RMSE: 0.008947 
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Figure 3.6 linear fitting for Mobitel (Zain) company 
 
Linear model Poly2(quadratic): 
f(x) = 1β *x^2 + 2β *x + 3β  
Coefficients (with 95% confidence bounds): 
  1β =     0.00359  (-0.01632, 0.0235) 
  2β =    -0.01201  (-0.2152, 0.1912) 
   3β =   -0.009371  (-0.5148, 0.4961) 
 
Goodness of fit: 
  SSE: 0.0003767 
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  R-square: 0.8945 
  Adjusted R-square: 0.8418 
  RMSE: 0.009704 
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Figure 3.7 fitting using polynomial with degree 2 (quadratic) model for 
Mobitel (Zain ) company 
 
Linear model Poly  (cubic)3: 
f(x) = 1β *x^3 + 2β *x^2 + 3β *x + 4β  
Coefficients (with 95% confidence bounds): 
  1β =    -0.01798  (-0.06064, 0.02469) 
  2β =      0.2792  (-0.3752, 0.9336) 
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  3β =        -1.4  (-4.703, 1.902) 
  4β =       2.288  (-3.19, 7.767) 
 
Goodness of fit: 
  SSE: 0.0002355 
  R-square: 0.934 
  Adjusted R-square: 0.8681 
  RMSE: 0.00886 
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Figure 3.8 Fitting using polynomial with degree 3 (cubic) model for Mobitel 
(Zain ) company 
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Three types of fitting shown separately in Figures (3.6, 3.7 and 3.8) were 
overlapped in Figure 3.9, for comparing them to determine the best fitting 
result. Where x- axis is GDP / Capita and y- axis is number of subscriber per 
100 inhabitants in a percentage. 
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Figure 3.9 comparing three types of fitting (linear, quadratic and cubic) for 
Mobitel (Zain ) company 
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The best fitting using linear regression with RMSE (0.008585) and adjusted – R 
square (0.8761) that is closer to ONE comparing with other two fitting, also 
residual appears randomly around zero (Figure 3.6). 
 
3.6 Fixed phone system: 
 
For fixed phone system Figure (3.10) shows the relation between GDP / 
CAPITA and number of subscriber per 100 inhabitants using linear regression, 
where x-axis represents GDP / CAPITA 100 million and y-axis represents 
number of subscriber per 100 inhabitants in a percentage. The solid line in 
upper graph is the regression result and the lower one is the residuals plots, and 
the doted lines are the prediction pounds. The calculated results, which shown 
below had been used to determine the accurate fitting. 
 
Linear model Poly1: 
f(x) = 1β *x + 2β  
Coefficients (with 95% confidence bounds): 
1β =      0.2173  (-0.5798, 1.014) 
2β =      0.8714  (-3.227, 4.97) 
 
Goodness of fit: 
  SSE: 2.525 
  R-square: 0.08944 
  Adjusted R-square: -0.09268 
  RMSE: 0.7107 
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Figure 3.10 linear fitting for fixed phone system 
 
Figure (3.11) shows the relation between GDP / Capita and number of 
subscriber per 100 inhabitants for fixed phone in Sudan using quadratic 
regression, where x-axis represents GDP / Capita and y-axis represents number 
of subscriber per 100 inhabitants in a percentage. The solid line in upper graph 
is the regression result and the lower one is the residuals plots, and the doted 
lines are the prediction pounds. The calculated results, which shown below had 
been used to determine the accurate fitting. 
 
Linear model Poly2(quadratic): 
f(x) = 1β *x^2 + 2β *x + 3β  
 66
Coefficients (with 95% confidence bounds): 
1β  =      -1.138  (-1.541, -0.734) 
2β =       11.81  (7.69, 15.93) 
3β =      -27.81  (-38.06, -17.56) 
 
Goodness of fit: 
  SSE: 0.1548 
  R-square: 0.9442 
  Adjusted R-square: 0.9163 
  RMSE: 0.1967 
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Figure 3.11 fitting using polynomial with degree 2 (quadratic) model for 
fixed phone system 
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Figure (3.12) shows the relation between GDP / Capita and number of 
subscriber per 100 inhabitants for fixed phone in Sudan using cubic regression, 
where x-axis represents GDP / Capita and y-axis represents number of 
subscriber per 100 inhabitants in a percentage. The solid line in upper graph is 
the regression result and the lower one is the residuals plots, and the doted lines 
are the prediction pounds. Calculated results, which shown below had been used 
to determine the accurate fitting. 
 
Linear model Poly3(cubic): 
f(x) = 1β *x^3 + 2β *x^2 + 3β *x + 4β  
Coefficients (with 95% confidence bounds): 
1β =     -0.4773  (-1.131, 0.1767) 
2β =       6.179  (-3.851, 16.21) 
3β =      -25.05  (-75.67, 25.56) 
4β =       33.19  (-50.78, 117.2) 
 
Goodness of fit: 
  SSE: 0.05533 
  R-square: 0.98 
  Adjusted R-square: 0.9601 
  RMSE: 0.1358 
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Figure 3.12 Fitting using polynomial with degree 3 (cubic) model for fixed 
phone system 
 
 
 
 
 69
4 4.5 5 5.5 6
0
1
2
3
4
Data and Fits
GDP/capita
no
.o
f f
ix
ed
 s
ub
sc
rib
er
/1
00
 in
ha
bi
ta
nt
4 4.5 5 5.5 6
-1
-0.5
0
0.5
1
Residuals
GDP/capita
no
. o
f f
ix
ed
 s
ub
sc
rib
er
/1
00
 in
ha
bi
ta
nt
s
linear
quadratic
fit 2 copy 2
no0x2EofSubscriber0x25 vs. GDP
linear
  Pred bnds linear
quadratic
  Pred bnds quadratic
cubic
  Pred bnds cubic
 
Figure 3.13 comparing three types of fitting for fixed phone system 
 
It had been observed from three curves of fitting for fixed phone shown in 
Figure 3.13, increasing in degree of polynomials fitting reducing in prediction 
bands that means more accurate fitting with cubic fitting. Secondly comparing 
the residuals plots, it found that it appear more randomly in cubic fitting (Figure 
3.11) than in other both fitting. Finally comparing the goodness parameters it 
found that the good parameters in using cubic fitting than other both 
regressions, with RMSE value closer to zero (0.1358) and adjusted- R closer to 
one (0.9601). Which mean more accurate fitting obtained using cubic 
polynomial fitting. 
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It had been observed from fixed phone systems curve that number of subscriber 
decreasing these last years. Also when the GDP / Capita bout 635.8 US$, the 
number of subscriber well become about 1 subscriber every 100 inhabitants as 
shown in Figure 3.14 below. 
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Figure 3.14 fixed phone system after some years 
 
When comparing both fixed phone system and cellular phone system, it was 
found that the relaxation for cellular phone is higher than fixed one ($34,100 
million Vs $12,500 million ), which means that it takes richer people to reach 
comparable penetration. On the other hands, it is also observed that these last 
two years the number of subscribers using mobile phones has increased so 
rapidly as shown in table (3.4). This is because the number of cellular 
companies has increased in Sudan. Other data not include is the number of 
internet subscriber which can included fixed and cellular and can affect. 
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3.6.1Sudatel fixed Phone Company 
 
Figure (3.15, 3.16 and 3.17) show the relation between GDP / Capita 
and number of subscriber per 100 inhabitants for Sudatel fixed phone Company 
in Sudan using linear regression, quadratic and cubic respectively, where x-axis 
represents GDP / Capita and y-axis represents number of subscriber per 100 
inhabitants in a percentage. The solid line in upper graph is the regression result 
and the lower one is the residuals plots, and the doted lines are the prediction 
pounds. The calculated results, which shown below had been used to determine 
the accurate fitting. 
 
Linear model Poly1 (linear) : 
f(x) = 1β *x + 2β  
Coefficients (with 95% confidence bounds): 
1β =    0.001486  (-0.006768, 0.009739) 
2β  =     0.01139  (-0.03105, 0.05383) 
 
Goodness of fit: 
  SSE: 0.0002707 
  R-square: 0.04108 
  Adjusted R-square: -0.1507 
  RMSE: 0.007359 
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Figure 3.15 linear fitting for Sudatel fixed phone data 
 
Linear model Poly2 (quadratic): 
f(x) = 1β *x^2 + 2β *x + 3β  
Coefficients (with 95% confidence bounds): 
1β =    -0.01146  (-0.01709, -0.005837) 
2β =      0.1183  (0.06087, 0.1757) 
 3β =     -0.2776  (-0.4204, -0.1347) 
 
Goodness of fit: 
  SSE: 3.008e-005 
  R-square: 0.8935 
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  Adjusted R-square: 0.8402 
  RMSE: 0.002742 
 
4 4.5 5 5.5 6
0
0.005
0.01
0.015
0.02
0.025
0.03
0.035
Data and Fits
GDP/capita
no
.o
f s
ub
sc
rib
er
/1
00
 in
ha
bi
ta
nt
s
4 4.5 5 5.5 6
-3
-2
-1
0
1
2
3
4
x 10-3 Residuals
GDP/capita
no
.o
f s
ub
sc
rib
er
/ 1
00
 in
ha
bi
ta
nt
s quadratic
no0x2EofSubPer100InhabSudatel vs. GDP
quadratic
Pred bnds
 
Figure 3.16 using quadrate fitting in Sudatel fixed phone data 
 
Linear model Poly3 (cubic): 
f(x) = 1β *x^3 + 2β *x^2 + 3β *x + 4β  
Coefficients (with 95% confidence bounds): 
1β =   -0.005632  (-0.01683, 0.005567) 
2β =     0.07488  (-0.0969, 0.2467) 
 3β =     -0.3167  (-1.184, 0.5501) 
  4β =      0.4422  (-0.9959, 1.88) 
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Goodness of fit: 
  SSE: 1.623e-005 
  R-square: 0.9425 
  Adjusted R-square: 0.8851 
  RMSE: 0.002326 
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Figure 3.17 cubic fitting for Sudatel fixed phone data 
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Figure 3.18 three types of fitting (linear, quadratic and cubic) for Sudatel 
Company 
 
Comparing three types of fitting for Sudatel companies fixed phone data, it had 
been found that best fitting using cubic polynomial fitting (Figure 3.17) with 
adjusted- R 0.8851, RMSE 0.002326and narrower predictions band comparing 
with other two fittings. 
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4.7 Sudan among other countries: 
 
Figure 3.19 show the Jipp curve for some lower –middle income 
(developing) countries for fixed line. The fitting was linear with RMSE 
(0.0092), SSE (0.0006) and adjusted- R square (0.963).  
  
From Figure 3.19 it was observed that fixed telephone system infrastructure in 
Sudan needs a little development to get with expected level, because Sudan 
under Jipp curves but closer to it. Some other countries are above the curve and 
need to slow down there rapid growth in fixed telephone lines, such as Libya, 
Eritrea and central Africa republic. Some other countries are within the 
saturation level, such as Chad and Egypt. 
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Figure 3.19 Jipp curve for fixed phone system 2006 
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Figure 3.20 show the Jipp curve for some lower –middle income (developing) 
countries for cellular subscriber, the fitting was linear with RMSE (0.1523), 
SSE (0.1856) and adjusted- R square (0.3812). First thing that is noticed from 
Figure (4.19) that data points are more scattered around the curve than those for 
fixed teledensity as shown in Figure (4.20).  That is because cellular telephone 
until short time ago cellular telephony was considered as a luxioury services but 
not essential one. It also observed that cellular infrastructure in Sudan is closer 
to the saturation level, because Sudan is upper Jipp curves, but closer to it. 
Some other countries are above the curve and need to slow down there rapid 
growth in cellular infrastructures, such as Libya, Kenya. Some other countries 
need rapid growth in their cellular systems in comparison with their GDP, such 
as Egypt. 
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Figure 3.20 Jipp curve for cellular system 2006 
 
The number of telephones was traditionally measured by the number of 
landlines (fixed telephone), but more recently, mobile phones have been used 
for the graphs as well. It has even been argued that the Jipp curve should be 
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adjusted for countries where mobile phones are more common that landlines, 
namely for developing countries in Africa. So Figure (3.21) combined both jipp 
curves for cellular and fixed phone for low- middle income countries, the 
regression was made with linear model with teledensity equal to  0.4%*GDP + 
6.6%. The confidence bound is 95%, RMSE 0.146, adjusted–R 0.57, R- square 
0.62 and the SSE 0.17. from Figure (3.21) it can observed that some countries 
that are below the jipp curve in the old metric (using only fixed line teledensity) 
Figure (3.19) are upper or lay on the curve due to the affect of the cellular 
telephone, such as Kenya and Ethiopia, and some other shift down the curve 
comparing with the old metric (fixed teledensity), such as Egypt. This means 
while Kenya has kept developing its infrastructure, integrating mobile telephony 
to it, Egypt has been much slower to deploy cellular technology. Also Sudan 
teledensity (14subscriber per 100 inhabitants) was above its expected 
teledensity comparing with the old metric (fixed teledensity), this mean Sudan 
was developing its infrastructure with developing in cellular technology. The 
important note that, some countries stand out and below the curve as unusually 
well equipped for their incomes level, such as Libya and Egypt. There are two 
possible reasons for this: either static is wrong, or there are many fixed lines 
that inherited from the communist. 
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Figure 3.21 Jipp curve for fixed phone+ cellular systems for low-middle 
income countries 2006 
 
Figure 3.22 show the jipp curve for developed and developing countries 
together, with SSE (0.146), R- square (0.7155), adjusted R (0.691) and RMSE 
(0.11). From Figure (3.22) when comparing Sudan with developed countries 
such as Norway that stay above the jipp curve, Sudan needs to enhance their 
infrastructure drastically to get with this level. And Sudan is not in a very bad 
condition, since an increase to level of (6 subscriber per 100 inhabitants) to get 
with ideal level in fixed telephone infrastructure. 
 
 80
0 50 100 150 200 250 300 350 400
-0.2
0
0.2
0.4
0.6
0.8
X: 8.037
Y: 0.06085
GDP/ capita in hundred
no
.o
f f
ix
ed
 s
ub
sc
rib
er
/1
00
 in
ha
bi
ta
nt
s
UK
ItalyNorway
Turkay
Sudan
 
 
Figure 3.22 Jipp curve for fixed phone system 2006 for developed and 
developing countries 
 
Figure (3.23) show jipp curve for new metric for developed and developing 
countries with teledensity equal to 0.4% GDP+ 24% and confidence level 95% 
(the prediction pounds appear in the Figure as a doted line), RMSE 0.37, SSE 
1.649 and adjusted- R 0.7. It observed that compared to the developed countries 
(18 subscribers per 100 inhabitants) the Sudan has (26 subscribers per 100 
inhabitants). This shows an increase in the income level of inhabitants. 
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Figure 3.23 Jipp curve for fixed + cellular phone system 2006 for developed 
and developing countries 
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Chapter 4 – Conclusion & Comment 
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4.1 Conclusion 
 
This thesis investigates the simultaneous relationship between 
telecommunications and the economic growth, using data for Sudan. The 
situation is compared with the situation of some African, and developing 
countries. 
 
The old metric (use of fixed line teledensity and GDP) has been used till today 
to measure telecommunication infrastructure needs, but those last years there 
are variety of change in technology especially in communication services, such 
as using mobile, Internet, fax and extra. All these technologies affect the 
measuring of infrastructure, so the old metric had been updated by taken 
cellular phones into account. 
 
The old metric was used to get a rough picture about the telecommunication 
infrastructure in Sudan, compared with the new one that takes cellular system in 
account. It was noted that telecommunication infrastructure increased rapidly 
those last years. It seem that development in Cellular telephone will develop the 
whole infrastructure, that because Sudan is a big countries, with wide space it is 
hard to connect it using landline telephone, which needs a lot of money to build 
its infrastructure. 
 
When both metrics are used when comparing Sudan with developing and 
developed countries, it is observed that Sudan is set behind its expected 
teledensity, but he needs a little work to get with it when compared with 
developing. In developed one the relaxation income is high, which means Sudan 
needs more work in infrastructures. One important factor that can affect the way 
of developing the infrastructure is using next generation network, which is the 
new trend world wide as shown in chapter three. 
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4.2 Recommendation for future work 
 
As for the market potential metric, GDP is well known for being 
deliberately under or over estimated in many instances and for being inaccurate 
in the others. The best available estimate for telecommunication services 
demand is telecommunication services revenue and it recommend using it until 
a better proxy comes along, but I have some problem to collect it, because it is 
not easily available easy as GDP. 
 
The number of fixed lines per 100 inhabitants and the number of cellular 
subscribers per one hundred inhabitants have both been well known for years, 
but adding them together only yields an upper bound to telephone service 
penetration, since we don't know how many of these people have both a fixed 
phone and a wireless phone also for separate companies, subscriber may have 
more than one fixed or wireless phone. This overlap is potentially very 
important, in particular in developed countries where teledensity is already 
above 50%. It means that the conclusions about the widening gap between 
information know and didn’t know might be erroneous. 
 
So the observer needs to collect more detailed data, or we can temporarily fix it 
by building a telecommunications index that takes many different information 
access means into account and weighs them differently. 
 
This requires that some immutable things be changed, things that have been 
done the same way for decades. 
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Appendix A: 
 This appendix contains the implemented program using excel link in 
MATLAB, that calculating regression for the different companies in chapter 
four. Only by changing inputting data in program (DATA) we get the results, 
data that used represent in chapter four. 
As example this data for cellular phone: 
 
Firsrt coulm of DATA is GDP * 100 million $
Second colum in DATA is number of subscriber/100 inhabitants
data from 2000 _ 2006
DATA Excel Link Functions
123.66 0.07 1. Transfer the data to MATLAB
136.18 0.32 0 <== MLPutMatrix("data",DATA)
153.76 0.58
177.92 1.58 2. Set up data for regression.
195.59 3.04 0 <== MLEvalString("y = data(:,2)")
226.41 5.21 0 <== MLEvalString("e = ones(length(data),1)")
226.51 12.66 0 <== MLEvalString("A = [e data(:,1)]")
3. Compute regression coefficients.
0 <== MLEvalString("beta = A\y")
4. Calculate regressed result.
0 <== MLEvalString("fit = A*beta")
5. Compare original data with regression results.
0 <== MLEvalString("[y,k] = sort(y)")
0 <== MLEvalString("fit = fit(k)")
0 <== MLEvalString("n = size(data,1)")
6. Use MATLAB's polynomial solving functions for another curve fit.
0 <== MLEvalString("[p,S] = polyfit(1:n,y',6)")
0 <== MLEvalString("newfit = polyval(p,1:n,S)")
7. Plot curves and add legend.
0 <== MLEvalString("plot(1:n,y,'bo',1:n,fit,'r:',1:n,newfit,'g' 
);legend('data','fit','newfit')")
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